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NATIONAL AWISOET COMMITTEE EOR AERONAUTICS 


EIBEAECH MEMORANDUM 
for the 

Bureau of Aeronautics, Department of the Navy 


COMPARISON OF WATER-LOAD DISTRIBUTIONS OBTAINED DURING 
SEAPLANE LANDINGS WITH BUREAU OF AERONAUTICS SPECIFICATIONS 

TED NO. NACA 2^13 

By Robert F . Smiley and Gilbert A . Haines 
SUMMART 


Bureau of Aeronautics Design Specifications SS-IC-2 for water 
loads in sheltered water are compared with experimental water loads 
obtained during a full-scale landing investigation. This investigation, 
was conducted with a JE?S— 1 flying boat which has a 20° dead— rise 
T-bottom with a partial chine flare. 

The range of landing conditions included airspeeds between 88 and 
126 feet per second, siiiking speeds between 1.6 and 9*1 feet per second, 
fli^t angles less than 6 °, and trims between 2° and 12°. Landings 
were moderate and were made in calm water. Measurements were obtained 
of maximum over— all loads, maximum pitching moments, and pressure 
distributicms . Maximum experimental loads include over-all load 
factors of 2g, moments of 128,000 pound— feet, and maximum local pres- 
sures greater than hO pounds per square inch. Experimental over- all 
loads are approximately one-half the design values, while local pres- 
sures are of the same order as or larger than pressvires calculated frcaa 
specifications for plating, stringer, floor, and frame design. The 
value of this con^arison is limited, to some extent, by the moderate 
conditions of the test and by the necessary simplifying assumptions 
used in comparing the specifications with the experimental loads. 
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A full-scale landing inTestlgation was conducted for the piirpose of 
determining the applicability of hydrodynamic impact theory and model 
tests to actual seaplane landings. A series of landings were made in 
smooth water with a JES— 1 flying boat having a 20° dead— rise V-bottom 
with a partial chine flare. Measurements were obtained of ove3>-€ill 
loads, pitching moments, and pressure distributions. The over-all load 
measurements have been partially reported ^n reference 2 where they have 
been con 5 )ared with hydrodynamic in^jact theory. 

At the request of the Bureau of Aeronautics, the load-distribution 
measurements obtained from this investigation have been compared with 
the specifications provided in reference 1. The following conq>arisons 
have been made: (l) Experimental over-all loads have been compared 

with over-all forebody loads calculated from design specifications; 

(2) average pressures have been compared with pressures calculated from 
specifications for floor, frame, plating, and stringer design; and 

(3) peak pressures have been compared with pressvires calculated from 
specifications for plating and stringer design. 

Landing conditions encountered covered a fairly wide range of 
airspeed, sinking speed, and trim angle. Impacts were moderate and 
were made in smooth water. During several of the impacts, the afterbody 
of the hull was clear of the water; but in the majority of cases, both 
forebody and afterbody were involved. During a l l landings the extremely 
warped region of the bow was either clear of the water or it was not 
involved until so late in the impacts that the loads in that vicinily 
were small. 


STMBOIS 


■^s 

stalling speed, miles per hour 


y 

fli^t— path angle, degrees 


T 

trim, degrees 


03 

pitching velocity, degrees per 

second 

a 

angular acceleration, radians per second^ 

W 

gross wei^t of seaplane, pounds 

V 

pitching radius of gyration of 

the airplane 
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P angle of dead rise at any section under consideration, degrees 

Pjj. angle of dead rise at keel, degrees 

Pq angle of dead rise at chine, degrees 

Pjj angle of dead rise at chine measured in the section containing 

the center of pressure, degrees 

X longitudinal distance between the center of gravity and the 

center of pressure, feet 

\ normal load / 

length of the forehody, feet 
acceleration normal to keel in g units 
g acceleration due to gravity, 32.2 feet per second per second 



P water load, pounds 

p pressure, pounds per inch^ 

p^ floor and frame design pressiire, pounds per inch^ 

Pj^ bottom plating and stringer design pressure at the keel, 
pounds per inch2 


Pq bottom plating and stringer design pressure at the chines, 
pounds per inch^ 


constant in specifications used in computing pressiire 
constant In specifications used in computing loads 
Subscript: 


o parameters at time of water contact 


INSTKUMEINTATIOW 


The airplane used in this investigation was a conventional 
amphibian— type flying boat. (See fig. 1.) Pertinent geometric 
properties are given in figures 2 and 3 ani in table I. 
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The principal quantities used in comparing experimental and design 
loads are trim, hottom pressure, acceleration of the center of gravity 
normal to the keel, and the pitching angular acceleration of the air- 
plane about the center of gravity. Additional measured quantities 
include vertical displacement of the forebody step, airspeed, vater 
speed, and time of initial water contact. 

The relative locations of the instruments Involved are shown in 
figure k, and specific locations are given in tables II and III. A 
time history of the trim was obtained from a Sperry gyroscope moimted 
on the floor of the cabin. Pressure Indicators were 1— inch-diameter 
flush-mounted electrical induction— type gages. Their locations are 
given in figure 5 aiid in table III. A typical oscillograph record is 
presented in figure 6. On. this record are shown traces of pressure 
gages, normal acceleration, and angular acceleration. Also shown on 
this record are strain-^gage measurements and wing-tip accelerations 
which are discussed in other papers. 

The acceleration of the center of gravity normal to the keel and 
the wing lift at time of contact were obtained with a standard 
HACA accelerometer having a natural frequency of approximately 19 cycles 
per second. The acceleration due to water load was obtained from the 
difference between the total acceleration and the acceleration due to 
initial wing lift. The pitching angular acceleration of the airplane 
was measured with a Trimount angular accelerometer having a natural 
frequency of about 22 cycles per second. These measured values were 
multiplied by the moment of inertia to obtain the pitching moment about 
the center of gravity. lypical linear and angular acceleration records 
are presented in figure 7- 

The time of water contact was obtained throu^ the completion of 
an electrical circuit by the water when the forebody step contacted 
the water surface. Vertical displacements of the forebody step before 
water contact were obtained by the use of a small rod extending from 
the step, together with a l6-mllllmeter motion camera mounted on the 
wing and focused on the region of the step. The point of intersecticsn 
of the rod with the water surface was indicated by a line of spray. 
Vertical distances from this point to the step were scaled from the 
photograi>hs to obtain vertical displacements. Vertical displacements 
after water contact were obtained by using the wetted keel lengths and 
the associated Instantaneous trim angles. The wetted keel lengths 
were obtained from the immersion of the pressure gages located near 
the keel. A detailed description of this determination is given in 
reference 2. 

The vertical velocity used to determine the Initial fll^t angle 
was obtained by graphically differentiating the vertical displacement 
time histoiy at the time of water contact. Airspeed was obtained with 
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a standaxd NACA airspeed head momted above the pilot's can^artment . 
Water speed was obtained from the dynamic pressure on an inductive— 
type pressure gage mounted at the same level as the keel near the 
forebody step. 

A more con 5 )lete discussion of this instrumentation may be found 
in reference 2. 


PEICISION OF MMmRHyCTTS 


The following figures are estimates of the maximum errors in the 
data presented, based on both instrument and reading errors; 


Airspeed, feet per second. . . 
Water speed, feet per second . 
Sinking speed, feet per second 

Trim, degrees 

ni^, g units 

p, percent of reading .... 

p 

a, radians per second .... 
Wing lift, g units ...... 


. ±k 
. ±4 
. ±1 

. 

4 

±0.3 
. ±10 

±0.05 


EESULTS AMD DISCUSSION 


The experimental loads obtained from this landing investigaticai 
have been conpared with loads calculated from Bureau of Aeronautics 
Specification SS-lC-2. The following formulas taken from this reference 
cover the smooth-water landing requirements and have been used for these 
compariscais : 

Conponent of the water load on the float forebody normal to hull 
reference line. (For this investigation the hull reference line 
was taken as the keel which is strai^t for the portion of the 
forebody involved during the impacts.) 


P = 0.0085K^ 
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Floor and frame design pressures: 


Pj = O.OOOTCKjYg^cot Pg 


Bottom plating and stringer design pressures at the keel: 


Pjj. = 0 . 00 l 60 K 3 _Vg^cot Pjj. 


Bottom plating and stringer design pressures at the chines: 


p = 0 . 00120 K;^V ^cot p 
•^c 1 8 c 


Specified design distributions and constants are shown in figure 8. 

The scope of the landing inrestigation is indicated in table 17 
where the fli^t parameters for the time of initial water content are 
tabulated for all impacts. 


0ve3>-All Loads 

Tbe values of the maximum experimental loads, the corresponding • 
pitching moments about the center of gravity, and the associated center— 
of— pressure locations are presented in table Y. In the same table are 
presented the maximum pitching moments about the center of gravity, the 
coan*espcaiding loads, and the center-of— pressure locations. Maximum 
loads vary between loads of approximately 8,000 and ^0,000 pounds with 
an average load of 20,000 pounds, corresponding to load factors of 0 . 4 g, 
2 g, and Ig , respectively. Maximum moments vary from — 105,000 to 
128,000 pound— feet, corresponding to angular accelerations of -2.2 to 
2.7 radians per second^. In figure 9 , ma xi mum experimental forebody 
loads and a ccanbination of forebody and afterbody loads are plotted 
against center-of— pressure location and are ccanpared with forebody 
design loads. ISxese forebody loads are separated into two groups: 
chines Immersed at time of maximum load and chines not Immersed. The 
combined forebody and afterbody loads could not be separated accurately, 
so the combination is compared with forebody design loads. The plots 
show that the maximum experimental forebody loads and conibinatiaa of 
forebody and afterbody loads are of the same order of magnitude and are 
approximately one-half the value of the design loads. 
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Table VI presents maximum loads, corresponding pitching moments, 
and cente3>-of— pressure locations for afterbody impacts. These impacts 
are the early posrtions of a few combination forebody and afterbody 
in 5 )acts in which the afterbody contacted the water prior to the fore- 
body. The values are presented as a matter of interest. Because they 
are so small, no comparison with afterbody design loads was attempted. 


Pressure Distribution 

As a basis for the comparison of experimental pressure data with 
the specifications, maximum lateral experimental pressure distributions 
at a given cross section of the hull have been considered con^arable to 
the equivalent lateral load calculated from the specifications for the 
same section. This involves two assumptions: (l) Over longitudinal 

distances on the order of stringer and frame spacing, the pressure 
distribution is constant and (2) hull frequency response is negligible 
and instantaneous experimental distributions may be conq)ared to design 
specifications . 

Experimental pressure data have been divided into three classes 
of (l) peak pressiire, (2) average pressure over the wetted beam, and 
( 3 ) average pressure over the total beam. These classes are illustrated 
in figure 10. Peak pressures represent the maximum pressxxre obtained on 
a 1— inch-diameter area. Average pressures over the wetted beam were 
obtained by averaging the instantaneous presstire distributions at each 
of two well— instrumented cross sections of the hull over the wetted beam. 
Average pressures over the total beam were similarly obtained for the 
two cross sections. These two cross sections. A— A and B-B, are located 
31.1 inches and 92.5 inches, respectively, forward of the forebody step 
and are shown in figure 5« 

In table VIX peak pressures have been tabulated for all landings, 
together with the pertinent fli^t parameters. 13iis table Includes 
only forebody gages whose readings varied from 0 to over IfO pounds per 
Inch^. Smal l pressures were usually observed on several of the after- 
body gages, but these same gages were unreliable due to various instru- 
ment difficulties and the magnitude of their readings was questionable. 
The same forebody peak— pressure data are plotted in figure 11 and are 
compared with values calculated from specifications for plating and 
stringer design for sheltered-^water landings. These data for sec- 
tions A-A and B— B are also presented in figure 12. Althou^ the experi- 
mental peak pressures are larger than pressures calculated from these 
specifications, this fact is not too significant since the peak pressure 
acts on a smaller area than that area relevant to plating and stringer 
loading. Stringer— loading areas on the subject hull are about 5 inches 
wide while the width of several of the larger pressure peaks is .on the 
order of an inch or two. Largely for this reason, values of average 
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pressures oTer the wetted team were calculated for several of the 
hardest impacts and are presented in figure 13 as a comparisoD. with 
veilues calculated from specifications for plating and stringer design 
and for floor and frame design. Th.e points in this figure were detea?— 
mined as illustrated in figure 9* Tnese values of average pressure 
are considered to he a low estimate of effective striaiger loads. 

Figure l4 shows comparisons of average pressures over the total 
team at sections A-A and B-B with values calculated from specifications 
for floor and fa?ams design. For both sections these average pressures 
are less than 9 pounds per Inch^. These comparisons indicate that 
average pressures are of the same order as specified values at sec- 
tion A-A and are smaller at section B— B. It should he realized that 
these were moderate landings made at positive trim to the water surface; 
consequently, section B— B encountered the water later with a lower load. 
Because section A— A is fairly close to the step, it is improbable that 
any other sections of the hull experienced more severe loading. However, 
under normal operating conditions pressures of the magnitude of those 
at section A— A or larger mi^t be expected at section B-B or at any 
other section of the hull. 

Figures 15 and l6, respectively, give the actual instantaneous 
pressure distributions at sections A-rk and B— B for several of the mora 
severe landings, together with pressure distributions calcxilated from 
design specifications. These figures clearly demonstrate the differ- 
ences between the experimental and design distributions. 

Figures 17 and l8 show several instantaneous distributions for two 
runs. The foregoing comparisons of experimental and desigi loads were 
limited by the moderate conditions of the landings. However, the 
lateral shape of the pressure distribution on a Y-bottom hull is approx- 
imately the same regardless of the trim, velocity, and fli^t angle. 
Consequentiy, these figures can be considered to describe the shape of 
the presstire distribution for all practical landing conditions of this 
seaplane . 


SUMMAET OF EESDLTS 


The measured loads and pressures are considered typical of moderate 
landings of a conventional— t 3 rpe seaplane in calm water. Landing condi- 
tions include airspeeds from 88 to 126 feet per second, sihting speeds 
from 1.6 to 9*1 feet per second, fli^t angles up to 6°, and trims 
from 2° to 12°. 

Maximum experimental loads included (l) load factors of 2g, with 
an average of 1 g, (2) pitching moments less than 128,000 pound— feet. 
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corresponding to an angular acceleration of 2.7 radians per second^, 

(3) lateral pressure distritutions averaged over tlie total 1)08111 less 
than 9 pounds per square inch, and (i^) peak pressures greater than 
l|-0 pounds per square inch. 

A comqtarison of the experimental load distribution with loads 
calculated from. Bureau of Aeronautics Specification SS— 10-2 shows that: 
(1) experimental total loads are approximately one-half the design 
values, (2) average Instantaneous pressures at representative cross 
sections of the hull are of the same order as or lar^r than pressures 
calculated from specifications for bottom plating, stringer, floor and 
frame desiga, and (3) peak pressures are considerably larger than 
pressures calculated from specifications for bottom plating and 
stringer design. 


Langley Aeronautical Laboratory 

National Advisoiy Committee for Aeronautics 
Langley Air Force Base, Va. 



Eobert F. Smiley 
Aeronautical Eesearch Scientist 
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Eichard T. Ehode 
Chief of Aircraft Loads Division 
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TABLE I 

GENERAL INFOEMATION ABOUT FLYING BOAT USED IN LANDING TESTS 


Normal gross wei^t, IB 19,000 

Approximate flying wei^t during tests, lb 20,000 

Stalling speed (flap down) , mph . 65 

Wing span, ft . . 86 

Wing root chord, ft U-5 

M.A.C., ft 9«8 

Wing area, sq ft 780.6 

C.g. position: 

Percent M.A.C 31.9 

Feet from how I8.6 

Beam of hull, ft 8.33 

Distance from main step to how, ft 21.25 

Distance from main step to afterbody step, ft . . 16 

Moment of inertia in pitch, slug-ft^ 48,137 



Ihstrument 

number 


Instrument 


Location 


1 

standard NACA accelerometer 

6 in. forward, 3 in. below, 8 in. to starboard 
of c.g. 

2 

^Erimount angular accelerometer 

4 in. forward, 3 in. below, 6 in. to starboard 
of c.g. 

3 

G^rro trim recorder 

12 in. aft, 60 in. below, 20 in. to port from 
c.g. 

k 

Pressure gages 

See table III 

5 

Wing camera 

30 in. foi*ward, li|-6 in. above, 409 in. to 
starboard of point of step 

6 1 

Yertical-displacement indicator 

Pivot 13.2 in. aft, 4.4 in. above, 4 in. to 
port of point of step 

7 

Water-contact indicator 

Point of forebody step 

8 

MCA airspeed indicator 

185 in. forward of step, on top of fuselage cai 
center line 

9 

Water-speed pressure gage 

15 in. forward, axis parallel to keel, 11 in. 
to starboard of point of step 
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TABLE III 


PEESSDEE QAOE LOCAnOWS®- 


®See figure 5- All measurements are made to the centers of the 
pressure gages. 

^Step reference is 255 inches from how. All longitudinal measure 
ments are parallel to the hase line shown in figure 2. 
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suiting MrsBsed 
fJSol speed speed 

(^®e) (ft/sec) (rb/ee( 



Water 

Wing lift 

Bexoarlcs 

speed 
(ft /see) 

at contact 

is ) 

(water contact) 

98 

0.8 

Joretody only 

98 

.7 

Foretody only 

lo6 

1.0 

Foretody only 

90 

.8 

Foretody only 

9 h 

•8 

Forebody only 

95 

.8 

Forebody only 

83 

.7 

Forebody only 

83 

.8 

Forebody only 

110 

.9 

Forebody only 

89 

.8 

Forebody only 

96 

.8 

Forebody only 

85 

.9 

Forebody only 

105 

.8 

Forebody only 

82 

95 

91 

■1 

Forebody only 
Forebody only 
Forebody only 

88 

.8 

Forebody contacts first 

103 

1.0 

Forebody contacts first 

8l^ 

.8 

Afterbody contawsts first 

108 

1.0 

Afterbody contacts first 

97 

1.0 

Afterbody oontaots first 

83 

.7 

Afterbody contacts first 

85 

.8 

Afterbody contacts first 

110 

.9 

Afterbody contacts first 

86 

.8 

Afterbody contacts first 

90 

.8 

Afterbody contacts first 

93 

1.0 

Afterbody contacts first 

78 

.8 

Forebody contacts first 


.9 

Forebody contacts first 

106 

1.0 

Forebody contacts first 

95 

1.0 

Forebody contacts first 

94 

.8 

Simultaneous contact 

89 

.8 

Afterbody contacts first 

10% 

1.0 

Afterbody contacts first 

78 

.7 

Afterbody contacts first 

92 

.8 

Afterbody oontaots first 

lOlt- 

1.0 

Afterbody contacts first 

101 

.9 

Afterbody contaots first 

103 

1.0 

Afterbody contacts first 

8o 

• 8 

Afterbody contaots first 

80 

.8 1 

Afterbody contacts first 

83 

.8 ! 

Afterbody contacts first 

80 

.8 

Afterbody contacts first 

91 

.8 

Afterbody contacts first 

102 

1.0 

Afterbody contacts first 

88 

.8 

Afterbody contacts first 

9i^ 

.9 

Afterbody contacts first 

82 

.8 

Afterbody contaots first 

86 

.8 

Afterbody contacts first 

89 

.9 

Afterbody contacts first 


^NACA^ 
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a!ABLE Y 

OYER--AII. LQABS AKD MC3ME2ITS 




Moment about 
correspra^ding 

X 

Max. mcment 

F corresponding 

X 

Bun 

Max. F 

to max. F 
(iij-ft) 
(a) 

(ft) 

( 4 ) 

about c.g. 
(l 4 -ft) 
(a) 

to max, 
moment 
(It) 


1 

36,995 

83,000 

2.24 

128,000 

32,400 

4.00 

2 

20,517 

12,800 

.63 

15,950 

19,200 

.83 

3 

18,511 

-5>ooo 

-.27 

15,000 

16,000 

.94 


18,545 

28,700 

1.55 

28,700 

18,545 

1.55 

5 

32,000 

60,600 

1,89 

60,600 

32,000 

1.90 

6 

23,086 

27,100 

1.17 

27,100 

23,086 

1.17 

7 

24,067 

12,800 

.53 

25^600 

22,800 

1.12 

8 

28,689 

9,600 

.33 

44,600 

16,000 

2.79 

9 

l 8 , 44 o 

3,190 

.17 

23,900 

13,000 

1.84 

10 

20,400 

9,600 

.47 

' -9,600 

12,200 

-.79 

11 

21,899 

3,190 

.15 

. 15,950 

14,000 

- 1.14 

12 

18,837 

-12,760 

-.68 

■'■-35,090 

16,200 

-2.16 

13 

7,904 

-3,190 

-.41 

-15,950 

7,000 

-2.28 

lil* 

17,150 

12,000 

.70 

12,000 

17,150 

.70 

15 

23,300 

-3,190 

-.14 

-25,500 

i3,ooq 

-1.97 

16 

18,198 

0 

0 

- 19 ,i 40 

16,200 

-I.IS 

17 

17,019 

-3,190 

-.19 

- 19,140 

5,000 

- 3.84 

18 

6,727 

15,950 

2.38 

-35,090 

5,000 

-7.03 

19 

21,914 

14,355 

.66 

-98,890 

7,400 

-13.38 

20 

l 4 , 6 o 6 

6,380 

.43 

-54,230 

3,600 

-15.10 

21 

13,508 

4,785 

.35 

57,420 

6,448 

8.91 

22 

21,285 

9,570 

.45 

-73,370 

4,400 

-16.65 

23 

12,007 

12,760 

1.06 

-66,990 

9,200 

-7.28 

2 k 

23,790 

-15,950 

-.67 

-28,710 

8,540 

-3.37 

25 

14,754 

22,330 

1.51 

-52,635 

5,800 

-9.10 

26 

22,616 

-11,165 

-.49 

-105,270 

6,800 

-15.50 

27 

28 

19,580 

21,400 

12,750 

7,975 

.65 

.37 

- 19 ,i 4 o 

3,600 

-5.32 

29 

38,800 

-44,660 

-1.15 

- 44 , 660 

38,800 

-1.15 

30 

11,000 

-15,950 

-1.45 

-35,090 

5,600 

-6.28 

31 

21,800 

-44,660 

-2.C^ 

-102,080 

13,600 

-7.51 

32 

33 
3 k 

15,600 

15,950 

1.02 

-82,940 

11,000 

-7.47 

5,600 

-70,180 

-12.50 

-70,180 

5,600 

-12.50 

35 

17,800 

19 ,i 4 o 

1.08 

-63,800 

7,400 

-«.63 

36 

23,400 

-6,380 

-•27 

-54,230 

5,600 

-9.69 

37 

38 

20,800 

15,950 

^ 

.77 

-86,130 

9,800 

-8.70 

39 

20,000 

-31,900 

-1.60 

-105,270 

8,000 

-13.19 

4 o 

19,400 

19 ,i 4 o 

.99 

-31,900 

2,400 

-13.30 

In 

17,800 

22,330 

1.25 

- 41,470 

2,800 

-l 4 , 8 o 

*f2 

21,800 

-9,570 

-0.45 

-51,o4o 

7,400 

-6.82 

^^3 

17,600 

25,520 

1.45 

-47,850 

3,080 

-15.55 

JA 

23,400 

15,950 

.68 

-54,230 

4 , 4 oo 

-11.78 

45 

27,000 

9,570 

.35 

-47,850 

4 , 9 <» 

-9.77 

46 

22,800 

6,380 

.28 

-22,300 

6,800 

-3.28 

47 

21,200 

6,380 

.30 

- 57,420 

4,600 

- 12.48 

48 

18,800 

25,520 

1.36 

- 44 , 660 

2,450 

-18.15 

49 

20,600 

-15,950 

-.78 

-47,850 

3,680 

-13.00 

50 

17,800 

44,700 

2.51 

-66,990 

54 . 

4,600 

- 14.55 


^WegatiTe meanent is pitching down. 

^egpLtlTe X is located aft of the center of gravity • 
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TABLE YI 

AiTEEBODT LOADS AMD MOMENTS 


Eun 

P 

(Ih) 

Moment about c.g. 
corresponding to P 
(Ih-ft) 

(a) 

Arm to c.g. 
(ft) 

0 ^) 

kl 

3000 

- 35,090 

- 11.70 

^3 

2800 

-19,140 

- 6.85 

kk 

5000 

-51,04o 

- 10.20 

^7 

4600 

-19,14o 

-4.17 

h9 

4600 

-41,470 

- 9.01 

50 

4400 

- 63,800 

- 14.50 


^Negative moment Is pitching down. 
Negative eirm is located aft of the center 


of gravity. 
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TABLE VII 

MAHMOM BOTTCM HCESSORES AND CORRESPOHDIUa APPROACH C0KDITI0N5 


Gage number 

3 

4 


6 

7 

8 


10 

11 

13 1 



16 

17 

18 

Bun 

Airspeed 
ft /sec 

"To 

(dog) 

7o 

(deg) 

Pressure 
(Ib/sq^ in.) 

1 

112 

2.8 

5.3 

9 

13 

12 

9 

12 

5 

2 

11 

11 

0>) 

13 

l4 

(D) 

4 

15 

2 

103 

5.2 

2.3 

0 

0 

8 

9 

6 

0 

0 

8 

9 

(D) 

13 

U 

U) 

0 

(a) 

3 

123 

5.4 

2.2 

0 

0 

0 

11 

0 

0 

0 

14 

14 

(D) 

22 

22 

0>) 

0 

26 

k 

112 

5.7 

2.2 

6 

11 

10 

11 

13 

0 

0 

13 

13 

(T>) 

16 

18 

w 

12 

13 

5 

101 

5.7, 

4.6 

4 

12 

l4 

13 

17 

3 

0 

17 

15 

(t>) 

22 

21 

0>) 

19 

26 

6 

98 

6 .0 

2.8 

0 

0 

13 

17 

18 

0 

0 

16 

16 

(1>) 

32 

30 

(t) 

28 

16 

7 

95 

6.0 

3.1 

0 

0 

8 

10 

7 

0 

0 

9 

10 

(T>) 

14 

13 

0>) 

3 

10 

8 

98 

6.2 

5.2 

5 

7 

8 

10 

5 

0 

0 

9 

13 

(t) 

9 

11 

0>) 

1 

15 

9 

126 

6.2 

1.7 

0 

0 

0 

8 

0 

0 

0 

15 

15 

0>) 

24 

26 

0>) 

2 

19 

10 

103 

6.4 

2.1 

0 

0 

0 

12 

0 

0 

0 

12 

15 

(D) 

22 

24 

0>) 

6 

17 

11 

104 

7.5 

2.1 

0 

0 

0 

13 

0 

0 

0 

15 

12 

0>) 

29 

26 

(t) 

5 

19 

12 

101 

7-5 

1.8 

0 

0 

0 

7 

0 

0 

0 

12 

14 

(t) 

17 

19 

(t) 

3 

21 

13 

115 

7.7 

1.1 

0 

0 

0 

0 

0 

0 

0 

(a) 

(a) 

(a) 

20 

2 

0 

0 

23 

14 

97 

8.1 

2.3 

0 

0 

0 

12 

0 

0 

0 

18 

21 

(t) 

26 

25 

0>) 

3 

24 

15 

107 

8.5 

1.1 

0 

0 

0 

0 

0 

0 

0 

11 

13 

(t>) 

22 

21 

0>) 

5 

19 

16 

104 

8.5 

2.2 

0 

0 

0 

7 

0 

0 

0 

13 

26 

W 

18 

27 

0>) 

7 

24 

17 

103 

8.3 

2.0 

0 

0 

0 

0 

0 

0 

0 

15 

20 

(D) 

29 

23 

(t) 

4 

23 

18 

119 

8.4 

1.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0>) 

2 

2 

(D) 

0 

26 

19 

98 

9.2 

1.4 

0 

0 

0 

0 

0 

0 

0 

10 

14 

(D) 

17 

14 

0>) 

2 

27 

20 

116 

9.3 

2.0 

0 

0 

0 

0 

0 

0 

0 

0 

21 

0>) 

28 

37 

0>) 

2 

35 

21 

109 

9-6 

1.6 

0 

0 

0 

0 

0 

0 

0 

10 

29 

(D) 

26 

27 

(t) 

3 

30 

22 

100 

9.9 

2.3 

0 

0 

0 

13 

0 

0 

0 

15 

11 

(t) 

16 

16 

(D) 

3 

19 

23 

98 

10.2 

2.1 

0 

0 

0 

15 

0 

0 

0 

20 

26 

0>) 

33 

27 


32 

28 

24 

115 

10.3 

1.5 

0 

0 

0 

15 

0 

0 

0 

15 

18 

\ b ) 

32 

23 

(i>) 

4 

25 

25 

100 

10.4 

1-9 

0 

0 

0 

16 

0 

0 

0 

20 

26 

(D) 

32 

26 

(D) 

3 

27 

26 

98 

10.6 1 

2.5 

0 

0 

0 

11 

0 

0 

0 

13 

17 

(t) 

17 

15 

(D) 

1 

20 

27 

110 

10.7 1 

1.8 

0 

0 

0 

12 

0 

0 

0 

20 

19 

(t) 

20 

19 

0>) 

4 

28 

28 

101 

7-3 

3.7 

0 

0 

0 

11 

0 

0 

0 

13 

13 

(1>) 

16 

24 

(t) 

3 

18 

29 

103 

7.8 ^ 

3.8 

0 

0 

0 

16 

0 

0 

0 

22 1 

23 

0>) 

31 

28 

(b) 

22 

28 

30 

120 

8.1 1 

1.2 

0 1 

0 i 

0 

0 1 

0 

0 

0 

0 I 

0 

0>) 

25 

2 

(D) 

0 


31 

113 

8.9 

3.8 

0 

0 

0 

17 

0 

0 

0 

15 

24 

0>) 

41 

30 

0>) 

4 

ih 

32 

112 

9.0 

1.8 

0 

0 

0 

11 

0 

0 

0 

19 

23 

(^) 

28 

28 

(t) 

4 

26 

33 

106 

9*3 i 

1.7 

0 

0 

0 

0 1 

0 

0 

0 

(a) 1 

(a) 

(a) 

24 

28 

0>) 

3 

27 

34 

122 

9.4 

•9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

(t) 

0 

0 

0 

0 

27 

35 

91 

9.4 

1.7 

0 

0 

0 

8 

0 

0 

0 

13 

14 

0>) 

18 

14 

0>) 

3 

21 

36 

100 

9.5 

1.2 

0 

0 

0 

0 

0 

0 

0 

0 

18 

(!>) 

18 

17 

(!>) 

2 

20 

37 

116 

9.5 

1.8 

0 

0 

0 

0 

0 

0 

0 

0 

21 

(D) 

32 

23 

0>) 

;o 

27 

38 

112 

10.1 

2.0 

0 

0 

0 

0 

0 

0 

0 

13 

20 

(t) 

25 

20 

0>) 

2 

27 

39 

112 

10.3 

2.6 

0 

0 

0 

16 

0 

0 

0 

17 

26 

(t) 

30 

27 

0>) 

4 

33 

4 o 

97 

10.3 

2.1 

0 

0 

0 

13 

0 

0 

0 

15 

16 

0>) 

18 

16 

0>) 

3 

20 

41 

101 

10.5 

2.4 

0 

0 

0 

14 

0 

0 

0 

12 

13 

(D) 

18 

14 

(l>) 

4 

19 

42 

88 

10.5 

2.7 

0 

0 

0 

14 

0 

0 

0 

17 

17 

(t) 

17 

18 

0>) 

3 

19 

43 

98 

10.7 

1.7 

0 

0 

7 

12 

5 

0 

0 

16 

20 

(t) 

20 

18 

(!>) 

18 

20 

44 

100 

10.8 

1.8 

0 

0 

0 

0 

0 

0 

0 

l4 

15 

(D) 

24 

20 

(1>) 

3 

21 

45 

106 

10.8 

1.1 

0 

0 

0 

0 

0 

0 

0 

0 

20 

(t) 

27 

29 

(!») 

0 

27 

46 

103 

10.9 

1.9 

0 

0 

0 

16 

0 

0 

0 

16 

19 

(t) 

25 

19 

(t) 

5 

22 

47 

106 

11.2 

1.3 

0 

0 

0 

0 

0 

0 

0 

(a) 

(a) 

U) 

18 

17 

(1>) 

2 

19 

48 

95 

11.4 

3.4 

0 

0 

10 

13 

8 

0 

0 

16 

17 

(D) 

20 

24 

0>) 

13 

21 

49 

98 

11.5 

1.3 

0 

0 

0 

0 

0 


0 

(a) 

(a) 

(a) 

19 

18 

0>) 

3 

16 

50 

101 

12.1 

2.6 

0 

0 

12 

19 

20 

& 

0 

19 

20 

0>) 

47 

32 

0>) 

26 

4l 


®No pressure record obtained. 

^Gage 13 oscillates appreciably at time of peak but is readable at other tiises. The calibration 
on gage 16 is unreliable, but the gage is useful in determining the vetted beam« 






Figure 1.— Flying "boat used In landing Investigation. 
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© standard fdA C A accelerometer 


© Tnmounf angular accelerometer © Verticc 

® tnm recorder © Water 

® Pressure goge3 ® W A C / 

® Water-dpeed pressure gage 


© lA///?^ camera 

© Vertical displacement indicator 


® Water contact indicator 
® Al A C A airspeed indicator 


Figure i|-.— Location of ' instruments in flying boat. 
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Figure 6.- QSrpical oscillograph recoil 
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Time 

id) Norma! and angular acceleration for Pun 6 * 






Time 
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(b) Normal and angular acceleration for Pun J, 


Figure T.— Q^STPical acceleration records showing fairing throng oscillation. 
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(a) 

(b) 

(c) 

(d) 


Variation of K]^ with forebody length. 
Variation of K 2 with forebody length. 
Transverse variation of bottom pressiire for 
design for a float with a partial flare. 
Transverse variation of bottom pressure for 
design. 



skin and stringer 


floor and frame 


Figure 8.— Load distribution for sheltered water forebody design taken 

from reference 1. 




Maximum hady P, ft Maximum had 



(a) Experimental forebody loads. 



(b) Combination of experimental forebody aid afterbody loads. 


Figure 9.— Comparison of maximum experimental loads vith. desigi 

specifications. 
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Experimental instantaneous transverse distribution 
Average of the experimental pressure distribution 
over the wetted beam 

Average of the experimental pressure distribution 
over the total beam 



Chine 


Percentage of beam wefteo/ 


Figure 10.— Graphical indication of the reduction of e 25 >erimental pressure data 
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Figure 12.— Con^arison of experimental peak pressures at sections A-A and B-B with distributed loads 

calculated from specifications for plating and stringer design. 
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Average pressure- orer the we^i^d beam^ Jb^m. 
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Figure 13»— Yariation of average pressure with 

calculated f: 
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Design specifications 


Eiqjerimental pressures averaged over the total beam 



Figure l4,— Comparison of experimental average pressures for the heaviest in^jaots with distributed 
loads calculated from, specifications for floors and frames at sections A-A and 
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Percenfoge beam 

Experimental distributions 
Plating and stringer specifications 
■ Floor and frame specifications 
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/I A 


Run £ 9 
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Figure 15 •— Eicperimental tastantaneous pressure distributions at section A-A and a 

distributed loads calculated from design specifications. 
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